Abstract Control of oral cancer associated with the frequent exposure to traditional risk factors such as tobacco, betel quid, and alcohol, together with the recent rise in human papillomavirus-related oropharyngeal cancer is a major public health concern worldwide. Late diagnosis and Bfield cancerization,^where multifocal malignant lesions compromise standard surgical treatments and chemoradiotherapy are among the most critical challenges faced by clinical oncologists. In addition to improving methods of early diagnosis and periodic monitoring, halting tumor progression through longterm chemoprevention of at risk premalignant lesions with well-tolerated drugs or natural products remains an attractive strategy. This review discusses recent progress and challenges on the chemopreventive targeting of oral cancer, especially as it relates to the genomic and molecular characterization of oncogenic drivers underlying tumor development and progression. These emerging data may ultimately serve as the basis for novel early and predictable interventions to significantly reduce morbidity and mortality associated with oral cancer.
Introduction
Head and neck squamous cell carcinoma (HNSCC), largely affecting the oral cavity and pharynx, is the sixth most common cancer in the world with approximately 500,000 new cases every year. Recent estimates indicate that in the United States more than 42,000 new cases of oral cancer, mostly oral squamous cell carcinomas (OSCC), were diagnosed in 2014. During the same year, approximately 8400 OSCC patients died as a consequence of complications from the disease [1, 2] . Main risk factors for OSCC development in western countries include heavy tobacco use combined with excessive alcohol consumption, whereas in south and southeast Asia, OSCC is most commonly associated with betel and areca nut chewing [3, 4] . In spite of an overall decline in tobacco consumption, the recent rise in head and neck cancer cases linked to oncogenic subtypes of human papillomaviruses (HPV) is becoming a growing public health concern. In contrast to OSCC, HPVassociated SCC develops mainly in the oropharynx, affects younger individuals, and demonstrates unique underlying molecular characteristics that lead to improved disease-specific patient survival [5, 6] . Despite important advances in chemoradiotherapy and surgical approaches, the 5-year OSCC patient survival rate has not considerably changed over the last four decades (<40-50 %), in part due to late diagnosis, multifocal distribution of primary malignant lesions, and tumor recurrence associated with treatment resistance of advanced cancer. The recent identification of highly prevalent oncogenic signatures underlying OSCC pathogenesis is providing the foundation not only to develop novel molecularly targeted strategies to control established OSCCs but also to foster more selective chemopreventive measures to halt the progression of oral precancerous lesions. The main objective of this review is to convey the most recent developments and challenges in the field of chemoprevention of oral cancer, in particular as it relates to the emerging characterization of the landscape of genomic, molecular, and cellular alterations underlying OSCC carcinogenesis.
Definition of Chemoprevention
Exposure to a variety of carcinogens as a result of heavy tobacco smoking and/or betel quid chewing together with alcohol consumption in different regions of the world remains the main risk factor for OSCC development. This makes OSCC one of the most preventable malignancies. The term primary cancer prevention denotes either avoiding or quitting these poor habits through educational and medical interventions. In fact, lack of exposure to carcinogens contained in these products would significantly reduce OSCC burden worldwide [7] . Secondary prevention is when at-risk populations are screened for early detection of disease or when neoplastic transformation of a potentially malignant lesion into a cancerous tumor is halted through chemopreventive measures. Tertiary prevention occurs when there is early detection of second primary malignant tumors following treatment of the original cancer [8] . Based upon the model of multistep carcinogenesis, secondary chemoprevention of oral cancer has emerged as an important type of intervention where a variety of drugs and natural products are used to interfere with the carcinogenic process and eventually deter disease progression.
OSCC Pathogenesis
As the lining of normal oral mucosa becomes continuously exposed to a variety of carcinogens, keratinocytes may be subjected to multiple genetic and epigenetic aberrations leading to cancer development. A process referred to as multistep carcinogenesis has been traditionally used to define OSCC development and progression as there have been observations of similar genetic alterations in both oral dysplastic, potentially malignant lesions, and fully established OSCCs [9, 10] .
Clinically, oral leukoplakia is the most common potentially malignant oral lesion associated with OSCC development. This term indicates a white patch on the oral mucosa that cannot be scraped off and cannot be clinically classified as any other condition. It is found most commonly in smokers, but it can also appear in individuals with a non-smoking history. Oral leukoplakias may remain unchanged over time, regress spontaneously or by quitting tobacco use, or eventually transform into an invasive OSCC. To this end, later malignant transformation occurs in approximately 3 to 5 % of benign leukoplakias [11] . Among the most worrying clinical signs are ulceration and erythematous foci (i.e., speckled erythroleukoplakia). However, about 5 % of oral leukoplakias are already malignant at initial diagnosis. Therefore, it is of utmost importance to determine which lesional biomarkers together with other clinicopathological features will predict neoplastic transformation. Collectively, this may lead to the implementation of more selective, targeted chemopreventive strategies to interfere with commonly found oncogenic drivers of OSCC carcinogenesis [8, 12, 13••] .
Most likely, the identification of patients with at-risk, potentially malignant oral leukoplakias, where long-term chemopreventive treatment might be implemented and periodically monitored would result in better overall outcomes including improved quality of life and higher patient survival rates [14] . Unfortunately, it is currently difficult to determine the risk of malignant transformation as more information needs to be gained from a lesional biopsy. For instance, a 5-year followup of patients who had been previously diagnosed with an oral leukoplakia showing high-grade dysplasia resulted in a higher OSCC incidence than those patients with low-grade dysplastic changes [15] . Overall, patients with leukoplakias with lowgrade dysplasia had a 5-year OSCC free survival rate of 90.5 % compared to only 59 % in patients with high-grade dysplastic lesions. Some of the risk factors associated with this progression were age, lesions on the lateral/ventral tongue as well as heterogenous lesions such as erythroleukoplakias. It seems reasonable to suggest that the histopathological grading of dysplasias in combination with genetic and molecular biomarkers may prove useful for determining individualized biomarkers of neoplastic transformation. To this end, investigating the genomic and molecular landscape of OSCC becomes a priority research endeavor [13••, 16, 17] .
The Emerging HNSCC/OSCC Oncogenome
Deregulated signal transduction pathways play a dominant role in supporting the malignant behavior of cancer cells by altering the homeostatic control of key cellular processes such as cell cycle progression, cell metabolism, survival, motility, and angiogenesis. In recent years, cancer biologists have been actively engaged in dissecting the complex nature of major oncogenic networks to primarily understand their aberrant role within cancer cells and the surrounding tumor microenvironment. Ideally, more actionable targets should become available to control cancer development and progression, including OSCCs, as more genomic alterations and deregulated molecular pathways are systematically identified [18•, 19] . In this regard, the recent characterization of the HNSCC/OSCC oncogenome through comprehensive genomic analysis in human-derived tumors and cell lines is of great value to identify novel mutations, changes in gene expression, epigenetic gene signatures, and aberrant molecular signaling pathways [ Through the systematic identification of highly prevalent genomic and molecular signatures underlying HNSCC/OSCC pathogenesis, recently gathered information indicates that a large number of tumors become dependent on the uncontrolled activation of multiple mitogenic signaling pathways; however, those closely related to the epidermal growth factor receptor (EGFR) and the phosphatidylinositol 3′-kinase (PI3K)-Akt-mammalian target of rapamycin (mTOR) signaling networks are among the most critically involved in tumor cell growth and survival [13••, 21••, 24, 25] .
By using fluorescent in situ hybridization (FISH), EGFR and CCND1 gene copy number alterations have been recently reported in oral premalignant lesions with high-grade dysplasias. Of note, CCND1 encodes the protein cyclin D1, an important component of the cell cycle machinery [26] . To this end, high gene gains in EGFR and CCND1 were associated with an elevated risk of tumor progression [17] . Another recent study in 151 HNSCC/OSCC tumors revealed the PI3K signaling network as the most frequently mutated oncogenic pathway (30.5 %) [21••] . Within the PI3K pathway, the PIK3CA gene is largely the most frequently mutated in HNSCC/OSCC tumors and cell lines [13••, 21 ••]. However, other members in this pathway also appear to be affected. Loss of the tumor suppressor PTEN, which negatively impacts the PI3K-driven mitogenic signals, is found in approximately 30 % of HNSCC/OSCCs. The widespread activation of the mTOR pathway in hundreds of human HNSCC/OSCC tumor specimens has also been reported [27] . High levels of phosphorylated ribosomal S6 protein (pS6), a well-known downstream effector in the mTOR pathway and a common surrogate marker for mTOR activity, have been identified in more than 90 % of HNSCC/OSCC cases. Increased pS6 levels are observed not only in HNSCC/OSCC but also in advanced oral premalignant lesions where pS6 moderate to strong immunoreactivity has been noted [28, 29] . Since the majority of HNSCC/OSCCs are driven through these signaling pathways, targeting of potentially malignant oral lesions relying on these oncogenic networks could be exploited with chemopreventive strategies [21••, 30] .
Chemoprevention of Oral Carcinogenesis
The majority of potential chemopreventive drugs and natural compounds may generally be perceived as safe and non-toxic, but this notion does not seem to be accurate. Considering the potential long-term use of a chemopreventive drug or natural compound, key issues playing a critical role in the clinical decision-making process include determining the appropriate concentration, potency, and toxicity of the active compound as well as elucidating the underlying mechanism of antineoplastic action. Following on the emerging characterization of the HNSCC/OSCC mutational landscape, chemopreventive drug discovery should also be based on the identification of genomic and molecular markers that frequently correlate with tumor progression. This may provide the basis for implementing optimal long-term targeting approaches with cost-effective, non-toxic compounds [31] . With a particular emphasis on the EGFR and PI3K/mTOR signaling pathways, we will discuss in more detail their relative contribution to head and neck/oral carcinogenesis and report on emerging preclinical and clinical evidence utilizing chemopreventive targeting to pharmacologically block their constant activation.
Targeting EGFR Signaling
A large number of targeted drugs have been developed, marketed, and used in the clinical setting to positively control tumor development and progression by improving treatment responses, patient quality of life, and overall survival. A clear example of a bench-to-bedside breakthrough in oncology took place with the introduction of small molecules and monoclonal antibodies aimed at blocking the activity of the ErbB family of transmembrane receptor tyrosine kinases, in particular, the ErbB1 or epidermal growth factor receptor (EGFR) [32, 33] . After more than 30 years of the initial report of a close genetic similarity between a viral oncogene encoding the verb-B transforming protein of avian erythroblastosis with a truncated active mutant of the human ERBB gene, it is apparent that the malignant phenotype of cancer cells can be initiated and maintained by intracellular signals transmitted through dysfunctional EGFR [34] . Cancers of the lung, colon, pancreas, brain, and the head and neck often present with EGFR somatic genetic alterations that negatively affect intracellular signaling cascades that are linked to normal EGFR function. Many intervening signaling factors downstream of the EGFR are critical for regulating cell growth, proliferation, survival, and motility in different cell types of epithelial and mesenchymal origin [32] .
In the case of lung cancer and non-small cell lung carcinomas (NSCLC) in particular, clinical studies support the notion that positive responses to EGFR targeted agents are better predicted based on the underlying mutation(s) affecting the EGFR gene rather than on traditional clinicopathological characteristics. Noteworthy, a sustained clinical benefit to tyrosine kinase inhibitors (TKI) like gefitinib or erlotinib, used as single agents, has proven to be more effective in a subset of NSCLC patients with tumors containing EGFR activating mutations [35] [36] [37] [38] . Resistance to TKI, on the contrary, occurs more frequently in NSCLC patients where no EGFR mutations are present [39, 40] .
These groundbreaking findings have provided a better understanding of how treatment sensitivity to molecularly based cancer therapies may be directly associated with the presence of unique mutations in the gene encoding a specific targeted protein. These studies not only underscore the impact the tumor genetic framework may exert on therapeutic decisionmaking but also offer unprecedented opportunities for screening the genotype of individual tumors through molecular and genomic profiling approaches to predict clinical responses and improve treatment outcomes [29, 38, [41] [42] [43] .
Nonetheless, questions still remain in regard to the lack of overall positive responses to EGFR targeted drugs in a considerable number of patients with different cancer types when administered as a single agent where the wild-type EGFR gene is highly expressed but not mutated. Indeed, this scenario has been clearly exemplified by the relatively limited clinical efficacy following the use of the anti-EGFR monoclonal antibody cetuximab in patients with HNSCC/OSCCs, where the EGFR and some of its ligands are overexpressed in 50-100 % of cases [44, 45] . In addition to the presence of a constitutive active truncated mutant form, the EGFR variant III, in approximately 40 % of HNSCC/OSCC cases and its association with cetuximab resistance [46] [47] [48] , a large segment of the HNSCC/ OSCC population harbors increased copy numbers of the wild-type EGFR in their premalignant and malignant cells. With more than 12 copies per cell described in some HNSC C/OSCC tumors [49] , EGFR amplification is the major mechanism for EGFR overexpression in head and neck/oral cancer and is consistently associated with poor clinical outcomes [17, [49] [50] [51] [52] [53] . Furthermore, the 5-year survival for HNSCC/OSCC patients with increased EGFR copy number is only 9 %, in comparison to 71 % in those patients with normal copy numbers [49] . It is also apparent that a large number of HNSCC/ OSCC tumors become dependent on the uncontrolled activation of multiple signaling pathways closely related to the EGFR signaling network for their aberrant growth and survival [25] . This provides the rationale for exploiting multitarget treatment modalities that combine two or more agents to specifically hit intervening signaling factors within the same pathway or preventing the crosstalk of different pathways.
Among several important signaling effectors that are activated in HNSCC/OSCC downstream of the EGFR is the signal transducer and activator of transcription (STAT) pathway. Immune responses, stem cell function, cell growth, differentiation, and organogenesis are among the biological processes governed by the activity of genes targeted by the STAT family of transcription factors (STAT1, 2, 3, 4, 5a, 5b, and 6) [54] . Elevated STAT3 expression and phosphorylation levels have been often found in HNSCC/OSCC tumors and their adjacent normal epithelia suggesting an early role in head and neck/oral carcinogenesis [55] . Moreover, constitutively active phosphorylated STAT3 is closely linked to the EGFR signaling cascade and correlates with HNSCC/OSCC metastatic spread and poor prognosis [55, 56] . The role of STAT-3 in head and neck/oral carcinogenesis is significant since blocking STAT3 activity results in tumor growth inhibition both in vitro and in vivo [57, 58] . In this regard, Leeman-Neill et al. recently used a mouse model of oral cancer induced by the administration of the DNA adduct-forming carcinogen 4-nitroquinoline-1-oxide (4-NQO), which mimics human multistage oral carcinogenesis, to study the chemopreventive activity of two different compounds targeting the EGFR-STAT3 signaling pathway [59] . Dietary guggulipid, an extract of a medicinal plant containing the STAT3 inhibitor guggulsterone, failed to protect against carcinogenesis; however, mice given an erlotinib-supplemented diet exhibited a 69 % decrease in the incidence of oral premalignant and OSCC lesions compared with mice having the control diet. These preclinical results provided the basis for exploring the use of erlotinib in OSCC chemoprevention.
In fact, erlotinib is in phase III development for oral cancer prevention [60] . In a small open-label, clinical trial (n=31 patients), patients with recurrent HNSCC/OSCC were treated with adjuvant 150 mg/day erlotinib (Tarceva®; Genentech Inc., San Francisco, CA) for 1 year following salvage surgery (tertiary chemoprevention). Primary outcome measures included tolerance to long-term erlotinib therapy, disease-free survival, and overall survival at 1 and 2 years. A total of eight patients concluded the protocol. Another eight patients withdrew before the conclusion of the study due to tumor recurrence; ten patients discontinued the study due to toxicities, including rash, diarrhea, and fatigue; three patients left due to other medical conditions; and two patients were discontinued because of noncompliance. Overall survival was 61 % at 1 year and 56 % at 2 years. Disease-free survival was 54 % at 1 year and 45 % at 2 years. Although, erlotinib showed a potential slight benefit in overall patient and diseasefree survival, the poor tolerance of the drug in the postoperative setting even at conventional dosing levels affected the completion of the 1-year study. Future studies with lower erlotinib doses may lead to minimal manageable toxicities and more promising therapeutic responses [61•] .
Emerging evidence also demonstrates that EGFR TKI's (erlotinib) and selective inhibitors of the pro-inflammatory cyclooxygenase-2 (COX-2) pathway (celecoxib) can act synergistically to prevent tumorigenesis in HNSCC/OSCC cell line-derived tumor xenografts grown in mice [62] . Cyclooxygenases catalyze the formation of the proinflammatory prostaglandins from arachidonic acid. Early studies determined that COX-2, the inducible form of cyclooxygenases, was strongly upregulated in oral premalignant lesions and HNSCC/OSCCs, and that this response could also be triggered through EGFR signaling. High COX-2 levels may contribute to cancer development and progression by regulating apoptosis, immune surveillance, and angiogenesis [63, 64] . In the recent Shin et al. study, the combined treatment of erlotinib and celecoxib inhibited tumor growth significantly and more potently than either drug alone. In particular, this treatment markedly affected the activity of the EGFR and mTOR signaling pathways. When this novel combination therapy was investigated in a phase I chemoprevention clinical trial, the overall pathologic response rate reached 71 %. Immunohistochemistry performed in tissue samples obtained from responding patients post treatment consistently demonstrated an inhibitory action on EGFR and mTOR pathways. Although a larger number of patients are needed to strongly support the results of this study, this drug combination may offer an attractive chemopreventive strategy by targeting the EGFR and mTOR pathways, which may ultimately serve as potential biomarkers to follow-up patient response [62, 65•] .
The Antidiabetic Drug Metformin in Oral Carcinogenesis
A recurring theme in cancer biology and therapy is that common drugs used to treat other chronic diseases, such as the COX-2 selective nonsteroidal anti-inflammatory drugs for osteoarthritic conditions, may also exert antitumorigenic activities. A similar scenario appears to be true with metformin, the most widely used oral medication for the control of type 2 diabetes mellitus worldwide. The biguanide metformin was originally isolated from guanidine, the active component of the French lilac Galega officinalis [66] . The role of antidiabetic drugs in cancer was initially attributed to recent retrospective population studies indicating that metformin treatment in diabetics is linked to better cancer outcomes when compared to other antihyperglycemic medications like insulin [67] . A large number of preclinical and clinical studies have been carried out since then demonstrating a positive effect of metformin in controlling the development and progression of several types of cancer [68, 69] .
The underlying mechanism of antineoplastic action of metformin is most likely mediated via the AMP-activated protein kinase (AMPK) pathway, a conserved signaling network acting as a master sensing mechanism to intracellular bioenergetic stress and a known inhibitor of mTOR activity [69] . Furthermore, metformin negatively impacts tumor cell proliferation by downregulating mTOR signaling-mediated translation of a specific subset of cell cycle regulators [70] . As a mild inhibitor of mitochondrial respiration, metformin restricts mTOR activity by activating the AMPK pathway. Although AMPK is not a direct target of metformin, it becomes activated following metformin-induced decrease in intracellular energy status characterized by an increase in the cellular AMP/ ATP ratio [71] [72] [73] [74] .
Emerging evidence points to the mTOR signaling pathway as a highly prevalent overactivated molecular network underlying HPV-negative and HPV-positive head and neck carcinogenesis [30] . Significant chemopreventive effects have already been observed using clinically relevant doses of the mTOR inhibitor rapamycin in the 4NQO-induced mouse model of oral carcinogenesis. In this setting, rapamycin administration significantly prevented the malignant conversion of oral precancerous lesions and induced the regression of advanced OSCCs [29] . However, the long-term use of an immunosuppressing drug like rapamycin might trigger potential unwanted side effects. To this end, the notion of incorporating metformin, a well-known drug with more than 50 years of clinical use, relatively inexpensive, safe, and well tolerated in the chemopreventive clinical management of oral cancer is promising.
Encouraging preclinical positive responses to metformin in oral carcinogenesis have been recently identified [75•] . VitaleCross et al. took advantage of the 4NQO-induced oral carcinogenesis mouse model to study the chemopreventive effects of metformin in the progression of oral premalignant lesions with variable degrees of epithelial dysplasia. Following 14 weeks of 4NQO administration in drinking water (50 μg/ mL), mice were randomly assigned to either daily intraperitoneal injections of metformin (50 mg/kg/day) or sterile saline (control group). After 8 weeks of treatment, the number of progressing oral lesions, total tumor multiplicity, and OSCC multiplicity was significantly reduced in metformin-treated mice. Immunohistochemical analysis of tissue specimens revealed a clear inhibition of mTOR activity, as evidenced by reduced pS6 immunostaining, primarily in the basal/ suprabasal proliferating dysplastic epithelium. Of note, no changes in metabolic markers such as glucose, insulin, and insulin-like growth factor-1 (IGF-1) were evident in the immunocompetent, nonobese, and nondiabetic mice. Moreover, our group has also recently reported that members of the solute carrier 22A (SLC22A) family of organic cation transporters (OCT), in particular OCT-3, which facilitate the intracellular uptake and activity of metformin, a hydrophilic cationic compound, are highly expressed in human oral epithelial dysplasias and well-differentiated OSCCs [76] . Conversely, in poorly differentiated OSCC tumors, OCT-3 immunostaining is weak or absent. These findings position OCT-3 as a potential tumor biomarker and point to highly OCT-3-expressing oral premalignant lesions or early OSCC tumors as ideal target tissues for metformin use. Collectively, these results should serve as the basis for future clinical trials aimed at optimizing the potential use of metformin in the oral oncology setting.
Natural Compounds as Chemopreventive Agents
Patients with oral premalignant lesions, as well as patients who have a higher risk for developing primary or recurrent OSCC will be ultimately the ones benefiting the most from chemoprevention. Yet, since these interventions will be targeting otherwise healthy patients, a chemopreventive compound should require to be non-toxic, trigger manageable side effects, if any, and reassure long-term patient compliance. In recent years, different research groups have reported on the beneficial chemopreventive effects of various natural products including grape seed extract, freeze-dried berries, and green tea. In a preclinical study using the 4NQO oral carcinogenesis mouse model, Shrotriya et al. investigated the role of grape seed extract and resveratrol in the chemoprevention of tongue tumorigenesis. After 8 weeks of 4NQO consumption in drinking water, mice were given either a control diet or a diet containing 0.2 % grape seed extract or 0.25 % resveratrol for eight additional weeks, while still on 4NQO. At the completion of the study (16 weeks), mice on both of the test diets had a moderate decrease in OSCC incidence but a significant preventive effect on the multiplicity and severity of 4NQO-induced premalignant and malignant lesions. Through immunohistochemical analyses, the authors show that in tongues from mice given grape seed extract or resveratrol supplementation, there was a decrease in tumor cell proliferation, increase in tumor cell apoptosis, and higher phosphorylated AMPK expression levels. Collectively, these promising findings point to the potential benefit that grape seed extract and resveratrol, possibly via AMPK signaling, might have on the chemoprevention of oral carcinogenesis [77] .
In another preclinical study using a chemical carcinogenesis model in hamster cheek pouches, Warner et al. reported on the favorable topical effects of a freeze-dried black raspberry suspension on the progression of oral premalignant lesions. Following a 12-week study, the authors observed that in comparison to controls, the freeze-dried black raspberry-treated group had reduced tumor multiplicity (~41 %), tumor incidence (~37 %), and tumor cell proliferation rate (~7 %) [78] . Likewise, the same research group studying oral carcinogenesis in a similar animal model demonstrated that lyophilized strawberries present in the diet may trigger positive effects on the chemoprevention of oral cancer. Following 12 weeks of treatment, histopathological analyses revealed a significant reduction in the number of potentially malignant oral dysplastic lesions and malignant tumors in animals given lyophilized strawberries [79] . Although these studies are definitely thought provoking, it still remains unclear which underlying molecular mechanisms are associated with the promising antineoplastic responses.
Green tea polyphenols are antioxidants with potential inhibitory actions on various oncogenic signaling pathways including receptor tyrosine kinases such as EGFR [8] . A recent meta-analysis study was conducted to assess whether tea consumption had any impact on the risk of oral cancer [80] . Whereas green tea consumption among Asian and Caucasian populations was associated with a lower risk of oral cancer, these effects were not associated with black tea. This suggests that green tea may have a protective effect on the development of oral cancer. Similar significant effects were observed in another study where green tea intake was associated significantly with a reduced risk of oral cancer in men, but not in women, especially in those smoking heavily [81] .
Nanotechnology in Cancer Chemoprevention
While many bioactive products have proved to be effective in preclinical models of cancer chemoprevention, disappointment has often occurred when these compounds are used clinically. Compounds such as resveratrol, curcumin, thymoquinone, and epigallocatechin (EGCG) have shown potent anticancer activity in cell culture and preclinical models of cancer, but their hydrophobicity and poor water solubility have resulted in less than optimal absorption and bioavailability [82] . To overcome these limitations, the use of nanoparticles has been explored in order to improve drug delivery and reduce toxic side effects. Nanotechnology is the study of materials on atomic and molecular scales with arrangements in the nanometer size range (10 −9 nm). The type of nanoparticle depends mostly on the physicochemical properties of the drug to be loaded. For instance, liposomes (artificial phospholipid vesicles) are effectively loaded with water-soluble agents. In contrast, micelles or colloidal dispersions with a particle size between 5 and 100 nm are a better option for water-insoluble drugs like the ones mentioned above. Micelles made up of biodegradable polymers such as polylactic acid, poly (DL-lactide-co-glycolide acid) (PLGA), starch, and chitosan increase the solubility and bioavailability of poorly soluble pharmaceutical agents. Early developments in this field relative to chemoprevention coined the term Bnanochemoprevention^ [83] . To this end, encapsulated green tea polyphenol EGCG in polylactic acid-polyethylene glycol nanoparticles showed improved biological effectiveness with over a 10-fold dose advantage [83] . These early findings encouraged the production of other nanochemopreventive formulations including nanocurcumin [84, 85] , nanoresveratrol [86] [87] [88] , genistein nanoencapsulation [89] , and nanoformulations of the chemotherapeutic agent paclitaxel [90, 91] . All of these nanoformulations have demonstrated improved pharmacokinetic and pharmacodynamic properties. The role of nanochemoprevention in oral cancer has been largely unexplored. However, in one study using the 7,12-dimethyl benz(a)anthracene (DMBA)-induced multistage oral carcinogenesis in hamsters, orally administered naringeninloaded nanoparticles (40-90 nm size range and~88 % encapsulation efficiency) showed positive antitumoral responses compared to free naringenin [92] . Naringenin is a type of flavonoid commonly found in grapefruit that has been shown to have antioxidant and anti-inflammatory effects [93] . Although in a very primitive state and with much research still needed in the future, these results may lead to novel formulations that could be potentially utilized in the nanochemoprevention of oral cancer.
Conclusions
The . Following on these promising findings, identifying common genomic and molecular signaling nodes and biomarkers of neoplastic transformation in oral premalignant lesions should also ultimately aid in the stratification and selection of at-risk patients. Moreover, this will eventually contribute to the development and clinical application of more predictable chemopreventive drugs [8, 14, 94] . However, this task offers many challenges, especially in a malignant disease where traditional risk factors such as tobacco use and betel quid chewing are still largely responsible for its occurrence. For instance, patients may be advised to quit their smoking habits, and over time, this may contribute to the regression of premalignant lesions. Yet, this positive behavioral step may mask any potential benefit of an administered chemopreventive drug. Further, the risk associated with malignant transformation is extremely variable and may not represent the drug effect. Therefore, to demonstrate the effectiveness of the drug, regression of any potentially premalignant lesion must be directly linked to the effects of the chemopreventive drug [31] . In this review, we have mainly focused our attention on recent studies reporting novel targeting HNSCC/OSCC chemoprevention directed at interfering with the commonly deregulated oncogenic EGFR, PI3K, and mTOR pathways either by using selective drugs or common drugs marketed for other chronic conditions (i.e., celecoxib; metformin). Likewise, with the goal of reducing oral carcinogenesis, other novel chemopreventive strategies involving the systemic or topical delivery of natural products like green tea, grape seed extract, freeze-dried raspberries, and strawberries have been also used in high at-risk oral mucosa [77] [78] [79] [80] . An important multidisciplinary area that deserves more attention is associated with the emerging developments in the field of nanochemoprevention. Hopefully, novel nanoformulations may eventually find a place in the chemopreventive setting of oral carcinogenesis.
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